Understanding the degradation pathway of a poorly water-soluble drug formulated in PEG-400.
VX-497 is a poorly water-soluble compound. It is formulated in PEG-400 and encapsulated in softgel capsules. Although the drug product is stable at refrigerated conditions, many degradation peaks have been observed at accelerated storage conditions. An investigation utilizing high performance liquid chromatography-mass spectrometry (HPLC-MS) was conducted to understand the degradation mechanism of the active pharmaceutical ingredient (VX-497) in PEG-400 formulation. Results revealed that the degradation was mainly caused by the reaction between VX-497 with moisture (hydrolysis) and PEG-400 (PEGylation). The numerous degradation peaks observed in the samples stored at accelerated conditions were PEG adducts covalently attached to portions of the VX-497 molecule, which were confirmed by comparison with synthetic markers. Investigation also found that an impurity, which was present in the VX-497 drug substance, reacted with PEG-400 following the same reaction mechanism, and generated additional impurities in the VX-497 drug product. By changing the process for drug substance synthesis, pure batches of VX-497 were obtained. Furthermore, it was found that the reaction between VX-497 and PEG-400 was temperature and time dependent. When the drug product was manufactured at 45 degrees C and the processing time was controlled, the PEG degradants and by-products were reduced to non-detectable levels, resulting in greatly improved drug product quality. This paper presents an integrated effort among analytical, process, and formulation scientists on how to develop a better drug product by understanding the fundamental issues of the drug product, namely the degradation mechanism.